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BEDBHK - 12 /Objectives and Outline of the Course

H | B#KFI3. BERIY. BFILF. BEIZR. BRIFOHNBT2Z2ERT 2FEHEKICE>T, HAORETHS, RHEERTIL.
BHRFDH> b, BENICET 2BHR. FHICEHMESHREZIVIES.

Z | Electrodynamics is one of the most important and essential subjects for students who specialize in electrical engineering,
electronics, telecommunication engineering, and information science. This lecture includes treatment of time-varying
electromagnetic fields, especially for propagation of electromagnetic waves.

FEDEEBIE /Learning Objectives

H | Maxwell D 5EAOYIBIIEREZ RD 5.
RRENICET 2BHRICEVWT, EHMARMELZEENICELZOICLELERZEBTT 5
BHRICLYEAONDIHILY— BHROEIES, BARETONETH, TILE—RENICOVTERT 3.
EEBER TR I RNEEUROBERL G2 ERT 5,
BHOREMOERE 452 [FEIK] OFEMN. TEMNIY EWZFET 5,

I | To understand physical meaning of Maxwell's equations

To acquire fundamental skills to quantitatively solve time-varying electromagnetic field problems.

To understand energies stored by electromagnetic fields, transmitted power carried by electromagnetic waves, and
consumption powers in lossy media based on the energy conservation law, i.e., Poynting's theorem.

To understand conditions of electromagnetic fields at the boundaries between two different media

To acquire fundamental skills to treat propagation and radiation of electromagnetic waves qualitatively and quantitatively.

2T BIEDERE O SIS / Fulfillment of Course Goals (JABEE EIERIE D &)
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REETEIER /Course Plan

No. I8 B Topics

AZA Content

1 B | Maxwell F12=(1)

Maxwell FRRXZ KT 2 SR DEBE1T5, Maxwell D FRADOEHEFRE R
9,

b

Maxwell's equations |

We review physical laws in electrodynamics and show integral representation for
Maxwell's equations.

2 B | Maxwell F12=(2)

BHREORNERT L L bIC. BEEHT 2BRAIBII 57 2Tt LERRICH
B ROTRERE TS,

= | Maxwell's equations Il

We consider the relationship among four equations in Maxwell's equations along with
continuity equation.

3 H | #eBR

Maxwell D FERADMHOFRRE T, BZH, BEEFEOFEER. EEOHBEDOME
KYBETILEEBATSEEEHIC, BRBEGRRETT,

% | Constitution relation

We show a differential form of Maxwell's equations. We review simplified models for
electric and magnetic polarizations in dielectric and magnetic media, and conductivity
in metals.

4 H | E8REICE T ZEY KN

7z —YPRROBA BRH. BHRZAN7 PILOERY KWV EFEFHEICOWTRGRT %,

% | Steady states and phaser
representation

We treat complex vectors for time-varying fields based on the phaser representation
and introduce time-averaged values for the energies and powers.

5 B | IRTTKENHEX & Z DR

1 RIEEBHFERXE LT R—ILDRIZOWTRRS 5, BHKGHKRE EHRE. BT
KIZOVWTHRRB,

Wave equation

% | Wave equation
H | ~NLAFILYFRRR

EBREDKRE AR E LT LRTANLLFILYFEXEZIMYIRS, BE. K. A48
RE, KEA E—F 2 RTODVWTHRHREIT,

% | Helmholtz equation

We solve the 1-D Helmholtz equation and find the steady state solutions showing
forward and backward traveling waves. We introduce the wavelengths, wavenumbers,
and wave impedances.

7 B | €EHhOBHIK

BEBEROSLVEEBHOBHKROKRIFVEIRYIK S, RERS, KEM rE—X 2%
R,

% | Waves in good conductors

We treat the Helmholtz equation for waves in good conductors, show the field decay,
introduce the concept of skin depth with low wave impedance.

8 |8 | Tar¥—REA

BHARODIXINY —RENTHEIRA T4 TOEBERT, BRI XILFE— R
AVTF AV ITRT FILIZOWTERRT S,

EBREBICBIT2ITAVLF—RENELT, BERA VT AV IRT b, HIEEICE
T2 EBEHICOVWTEHRAT S,

bidd

Energy conservation law

We introduce energies stored by the electromagnetic fields, transmitted powers
carried by the electromagnetic waves, and consumption powers in lossy media based
on Poynting's theorem. We also introduce complex Poynting's theorem and the
physical meaning.

REHEROBHRCKREEZ S & &, BRADBHEAL BTN RFUIEZL L
%, ZITld. BHAOERARE LUCEBEHARSDELT NSERZEEZ, ¥R
T VARALYEL,

b

Boundary condition

We show boundary conditions for tangential and normal components of the electric
and magnetic fields on a surface between two different media from Maxwell's
equations.

10 | B | %8s o FER

3RTTANVLFIVY ARAOEBEL LT, BHOBEZIRY RS, Bo—D2h—HMmIC
BT 5FEBETH DI EamL, B BR. HAD3ID2OXRT FILORER, oM
SEAEME(C DO W CIRERT B,

b

Method of separation of
variables and plane waves

We introduce a method of separation of variables to solve three-dimensional
Helmholtz (partial differential) equations and show that one of the solutions provides
a plane wave. The relationship among the wavevector, electric and magnetic fields
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11 | B | ®E URH) REICOVWTERYIRS, BICBRER. ARKICOVTRESRT 2,
% | Polarizations of plane waves We introduce polarizations for plane waves, such as linear polarization and circular
polarization.
12 | B | EEAHNERS - F@ REBEEERAEICT L T, FTEHROEEAS, R& - ZBREIRYKD, BEHRE K&
RBDOKDE, ERFFHETH DA E—Z 0 RBEEEMH. ZBBEEORVIELIZDOL
TRHT %,
% | Normal incidence of waves to | We quantitatively treat reflection and transmission coefficients at the boundaries for
boundaries a normal incidence of a plane wave and introduce the concept of impedance
matching.
13 | B | foOASF - k- FBEENQ) | EEEEREFEICNL T FEEOND AL, R - BBZERVIEKS, E6RE =5
RBOKRDA, AFILOEE, 7Y1—-RX—=FIZDOWTRHRT 5,
o | Reflection, refraction, and | We quantitatively treat reflection and transmission coefficients at the boundaries for
transmission | two different cases of oblique incidences of a plane wave: parallel and perpendicular
polarizations. We introduce Snell's law and Brewster's angle.
14 | B | NOAF - k- EBEERQ) | @R, BREA. TRy LY MRICOWTERYIERD,
% | Reflection, refraction, and | We introduce total internal reflection, critical angle, evanescent waves, and surface
transmission |l impedance.
15 B | BERFOELD INETIZEF LA-BEOES., IoIEATBHIRFOERICEIT THRT 5.
% | Review and summary We review fundamental concepts and solutions to the problems on propagation and
radiation of electromagnetic waves.

B1&5t, /Prerequisite(s)

B | BHKFLET LI & LAIRAEOANRZEEL, BRELTWDZ L,
WED. N7 PLBTOEREZBREL TVWAIENEE L,
Z | Taking courses, "Classical electrodynamics | and II", or the corresponding is mandatory.
It is desirable to understand differential and integral calculus and vector analysis.
BEBEBAFE (FF - E38%) /Required study time, Preparation and review
H BRECHL, 2KEREOEEICNA. THHRICHR 27-00FERMEET 2,
BERVPLR— FREEZROBRET TIIHTITI &,
& | It takes about two hours a week to review the class. In addition, you will need to spend time for preparation of the exam.
HRIE SEZE /Textbooks/Reference Books
H | &%
(1) (BHER (BFERBEFSAFY Y —XB-1)] EAaERE 104
(2) T4 7 nRITF] PEMKE. FILHER
(3) R. E. Collin, "Foundation for Microwave Engineering," IEEE Press.
(4) David M. Pozar, "Microwave Engineering," 3rd Ed., John Wiley & Sons, Inc.
3 | References
(1) R. E. Collin, "Foundation for Microwave Engineering," IEEE Press.
(2) David M. Pozar, "Microwave Engineering," 3rd Ed., John Wiley & Sons, Inc.
BUERHI D ik Kk O FZEE /Grading Policy
B | THRBOKES., HX - BRPICET LR— MEHEOWRRICIGE CTFHMET %, LAR— ME#ETY, TEHHABROMKES 70%,
HX - LAR—bORKEL 30% & LTCFHMEIL, ZOAEFRAN 60 RUEEZERET 5,
Z | We will give a grade by estimating the results of the examination and homework. The ratio of the exam and homework is 7

to 3.
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